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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D. C. 20314. The purpose of a Phase I investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general
condition of the dam is based upon available data and visual
inspections. Detailed investigation and analyses involving
topograhic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of
field conditions at the'time of inspection along with data
available to the inspection team.

It is important to note that the condition of a dam depends
on numerous and constantly changing internal and external
conditions, and is evolutionary in nature. It would be
incorrect to assume that the present condition of the dam
will continue to represent the condition of the dam at some
point in the future. Only through frequent inspections can
unsafe conditions be detected and only through continued
care and maintenance can these conditions be prevented or
corrected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established guidelines, the spillway design flood is based
on the estimated "Probable Maximum Flood" for the region
(greatest reasonably possible storm runoff), or fractions
thereof. The spillway design flood provides a measure of
relative spillway capacity and serves as an aid in deter-
mining the need for more detailed hydrologic and hydraulic
studies, considering the size of the dam, its general con-
dition, and the downstream damage potential.
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

ABSTRACT

Lebanon Reservoir Dam No. 1: NDI I.D. No. PA-00595

Owner: City of Lebanon

State Located: Pennsylvania (PennDER I.D. No. 38-1)

County Located: Lebanon

Stream: West Branch of Hammer Creek

Inspection Date: 8 November 1979

Inspection Team: GAI Consultants, Inc.
570 Beatty Road
Monroeville, Pennsylvania 15146

The visual inspection, operational history, and hydrologic/
hydraulic analysis indicate that the facility is in fair
condition.-

'Deficiencies noted by the inspection team included heavy
overgrowth across the embankment crest and slopes, rodent
burrows along the downstream embankment face, a deteriorated
emergency spillway, and minor seepage beneath the emergency
spillway and around the outlet conduit. These deficiencies
are, for the most part, attributable to a general lack of
adequate maintenance since the facility was phased out of
operation in 1973.

-The size classification of the facility is small and its
hazard classification is considered to be high. In accor-
dance with the recommended guidelines, the Spillway Design
Flood (SDF) for the facility ranges between the 1/2 PMF
(Probable Maximum Flood) and the PMF. Due to the high po-
tential for damage to downstream structures and loss of
life, the SDF is considered to be the PMF. Results of the
hydrologic and hydraulic analysis indicate the facility will
pass and/or store only 16 percent of the PMF prior to
embankment overtopping. A breach analysis indicates that
failure under less than 1/2 PMF conditions could lead to
increased downstream damage and potential for loss of life.
Thus, based on screening criteria provided in the recom-
mended guidelines, the spillway is considered to be seriously
inadequate and the facility unsafe, non-emergency.
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It is recommended that the owner immediately:

a. Develop a formal emergency warning system to
notify downstream residents should hazardous conditions
develop. Included in the plan should be provisions for
around-the-clock surveillance of the facility during periods
of unusually heavy precipitation.

b. Have the facility evaluated by a registered pro-
fessional engineer experienced in hydrology and hydraulic
structures and take remedial measures deemed necessary to
make the facility hydraulically adequate and the emergency
spillway structurally sound.

c. Clear all excess vegetation from the embankment
crest and slopes. In addition, all burrowing animals in-
habiting the embankment should be exterminated and their
burrows filled.

d. Develop formal manuals of operation and maintenance
to ensure future proper care of the facility.

e. Specifically address in all future inspections the
seepage conditions beneath the emergency spillway and
around the outlet conduit at the downstream embankment toe
noting changes in turbidity and/or rate of flow.

f. Provide upstream (inlet end) control of flow
through the outlet conduit or develop a plan to control flow
through the conduit at the inlet end in the event emergency
conditions develop in the pipe within the embankment.

GAI Consultants, Inc. pproved by:

Bernard M. Mihalci , P.E. JANES W. PECK

0EDistrict Engineer

0 REGISUND 0

Date 2. M \c Date _______/ __0

DLB:BMM/lc

iii



Downstream Face

Upstream Face

OVERVIEW PHOTOGRAPHS

iv



TABLE OF CONTENTS

OVERVIEW PHOTOGRAPHS . . . . . . . . . . . . . . . . . . iv

TABLE OF CONTENTS .. .. . .. .. .. .. .. ... . v

SECTION 1 -GENERAL INFORMATION .. ........ . . . 1

1.2 Descritio of Project.. . . . . . . . . . . 1

1.3 Pertinent Data . . .. .. .. .. ... . . . . 2

SECTION 2- ENGINEERING DATA . . . .. .. .. .. .. .. 6

2.2 Construction Records........ 7
2.3 Operational cod .. cords. ... 7
2.4 other Investigations .. .......... . . 8
2.*5 Evaluation . . . . . . . . . . . .. .. .. .. 8

SECTION 3 -VISUAL INSPECTION . . . . . . .. .. .... 9

3.1 observations. . . . . . . . . . . . . . . 9

3.2 Evaluation. . . . .o . . .. ... .. . . 10

SECTION 4 - OPERATIONAL PROCEDURES . . . . . . . . . . . 11

4.1 Normal Operating Procedure . . . .. .. .. .. 11
4.2 Maintenance of Dam,. .............. 14.3 Maintenance of Operating Faciliti~es . 1
4.4 Warning System..... .. .. .. .. . . . . . 11
4.5 Evaluation . . . . . .. .. .. .. .. . . 11

SECTION 5 - HYDROLOGIC/HYDRAULIC EVALUATION. ......... 12

5.1 Design Data. .o................12
5.2 Expere ncet . ata..o. .......... 12
5.3 visual Observations .. . ... . . . . . .. 12
5.4 Method ofAnal si.. .. ............ 12
5.5 Summary of Analysis .............. 12
5.6 SpiayAdq ay . de.. qua.. cy.. 16

SECTION 6 - EVALUATION OF STRUCTURAL INTEGRITY .. . . 17

6.1 Visual observations.. ................ * 17
6.2 Design and Construction Techniques . . . . . . 17
6.3 Past Performance .. . .. . .. . . . . . . . 17
6.4 Seismic Stability . . . . . . . . . . . . . . 18

SECTION 7 - ASSESSMENT AND RECOMMENDATIONS FOR
REMEDIAL MEAS URES. . . .. . . .. . . 19

7.1 Dam Assessment. . .. . . . . 19

7.2 Recommendations/Remedial Measures ; 19

v



r
TABLE OF CONTENTS

APPENDIX A - VISUAL INSPECTION CHECKLIST AND FIELD SKETCHES

APPENDIX B - ENGINEERING DATA CHECKLIST

APPENDIX C - PHOTOGRAPHS

APPENDIX D - HYDROLOGY AND HYDRAULICS ANALYSES

APPENDIX E - FIGURES

APPENDIX F - GEOLOGY

Accession For

DDC TAB

uno.niounc ed fL9

By_

DJist i " -

IL vi

N S.



PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM
LEBANON RESERVOIR DAM NO. 1
NDI# PA-00595, PENNDER# 38-1

SECTION 1
GENERAL INFORMATION

1.0 Authority.

The Dam Inspection Act, Public Law 92-367, authorized
the Secretary of the Army, through the Corps of Engineers,
to initiate a program of inspection of dams throughout the
United States.

1.1 Purpose.

The purpose is to determine if the dam constitutes a
hazard to human life or property.

1.2 Description of Project.

a. Dam and Appurtenances. Lebanon Reservoir Dam
No. 1 is an earth embankment approximately 30 feet high and
700 feet long, including spillways. The facility is pro-
vided with separate service and emergency spillways located
at the right abutment. The combined spillway crest length
is approximately 48 feet. The facility is equipped with a
16-inch diameter cast iron blowoff conduit located about 300
feet to the left of the spillways. The blowoff is controlled
by a 16-inch diameter gate valve located at about the middle
of the downstream embankment slope. The facility is also
equipped with system of water supply conduits that were
phased out of operation in the early 1970's.

b. Location. Lebanon Reservoir Dam No. 1 is located
on the West Branch of Hammer Creek in South Lebanon Town-
ship, Lebanon County, Pennsylvania. The City of Lebanon,
Pennsylvania, is located about 6 miles northwest of the
facility. The dam, reservoir, and watershed are contained
within the Richland and Lebanon, Pennsylvania 7.5 minute
U.S.G.S. topographic quadrangles (see Figure 1, Appendix E).
The coordinates of the dam are N40° 16.8' and W76 ° 21.5'.

c. Size Classification. Small (30 feet high; 82
acre-feet storage capacity at top of dam).

d. Hazard Classification. High (see Section 3.l.e).
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e. Ownership. City of Lebanon.
400 South 8th Street
Lebanon, Pennsylvania 17042

f. Purpose. Recreation and emergency water supply.

g. Historical Data. Lebanon Reservoir Dam No. 1 was
constructed under private contract to supply both domestic
and industrial water for the City of Lebanon in 1871. The
original facility was designed by H.P.M. Birkinbine of
Philadelphia. Dam No. 1 was one of three similar earth
structures located on the West Branch of Hammer Creek in
South Lebanon Township. Lebanon Reservoir Dam No. 2 still
exists and is located several hundred feet upstream of Dam
No. 1. Lebanon Reservoir Dam No. 3 was located about 2000
feet upstream on a small creek in an adjacent watershed to
the west of Dam No. __'. Discharge from Dam No. 3 was, how-
ever, directed into Dam No. 1.

According to information contained in files obtained
from PennDER, Dam No. 3 failed as a result of heavy rain-
fals-EaE6curred on July 25, 1925. The combination of
the failure of Dam No. 3 (which was never restored) and the
heavy runoff from its own watershed resulted in the over-
topping and subsequent failure of Dam No. 1. Dam No. 2
reportedly incurred damage due to the heavy rainfall, but,
was not overtopped and remained essentially intact. Failure
of Dam No. 1 resulted in a breach to the left of the gate
house measuring 75 feet across the top and 30 to 35 feet
along the base which was subsequently repaired. No casual-
ties were reported resulting from this incident.

Following reconstruction, yearly inspection reports by
PennDER predecessors indicate a serious seepage condition
along the downstream toe. This condition was adequately
controlled in 1938 when the downstream slope was flattened
and internal drainage was provided.

Lebanon Reservoir Dam No. 1 along with upstream Dam
No. 2 were phased out of active operation in 1973. Both
facilities are now used for recreation and emergency water
supply only.

1.3 Pertinent Data.

a. Drainage Area (square miles). 0.6 (local)
1.2 (total)
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b. Discharge at Dam Site.

Discharge Capacity of Outlet Conduit - Discharge
curves are not available.

Discharge Capacity of Service Spillway at Maximum
Pool = 130 cfs (see Appendix D, Sheet 7).

Discharge Capacity of Emergency Spillway at Maximum
Pool = 340 cfs (see Appendix D, Sheet 8).

c. Elevation (feet above mean sea level). The follow-
ing elevations were obtained from available drawings and
through field measurements that were based on the elevation
of the service spillway crest or normal pool at 622.5 feet
(see Appendix D, Sheet 1).

Top of Dam 626.0 (design).
625.3 (field).

Maximum Design Pool Not known.
Maximum Pool of Record Not known.
Normal Pool 622.5
Service Spillway Crest 622.5
Emergency Spillway Crest 623.0
Upstream Inlet Invert 603.0 (estimated zero

storage).
Downstream Outlet Invert 594.9
Streambed at Dam Centerline 598.0
Maximum Tailwater Not known.

d. Reservoir Length (feet).

Top of Dam 600
Normal Pool 450

e. Storage (acre-feet).

Top of Dam 82
Normal Pool 55
Design Surcharge Not known.

f. Reservoir Surface (acres).

Top of Dam 9
Normal Pool 11
Maximum Design Pool Not known.

g. Dam.

Type Earth.
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Length 700 feet (including
spillways).

Height 30 feet (field
measured; crest to
downstream blowoff
invert).

Top Width 12 feet.

Upstream Slope 1.5H:IV (field
measured; above normal
pool).
2H:lV (below normal
pool; see Figures 3
and 4).

Downstream 3H:lV.

Zoning Early correspondence
indicates the inner
half oi the embank-
ment was composed of
"selected material"
while the outer half
was composed of
"earth and stone."
Internal drainage
was provided during
subsequent recon-
struction.

Impervious Core None indicated. See
above.

Cutoff Partial concrete
cutoff in former breach
area (see Section
2.1.b.1).

Grout Curtain None indicated.

h. Diversion Canal and
Regulating Tunnels. None.

i. Service Spillway.

Type Uncontrolled, rectang-
ular, concrete chute
channel with masonry

4



wingwalls and a con-
crete sill crest.

Crest Elevation 622.5 feet.

Crest Length 10.5 feet.

j. Emergency Spillway.

Type Uncontrolled, rectang-
ular, concrete chute
channel with a broad
crest.

Crest Elevation 623.0 feet.

Crest Length 37.8 feet.

k. Outlet Conduit.

Type 16-inch diameter cast
iron blowoff conduit.

Length 80 feet (estimated).

Closure and
Regulating Facilities Flow through the out-

let conduit can be
regulated by a 16-inch
diameter gate valve
with controls located
about midway along
the downstream embank-
ment slope to the right
(looking downstream) of
concrete valve chamber
situated at the down-
stream embankment toe.

Access The outlet conduit
control mechanism is
housed in a curb box
accessible by foot
along the downstream
embankment slope.
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SECTION 2
ENGINEERING DATA

2.1 Design.

a. Design Data Availability and Sources. No formal
design reports or calculations are available for any aspect
of the facility. Several drawings are available from both
the owner and the PennDER (see Figures 2 through 4, Appen-
dix E). A historical report contained in PennDER files
entitled "Report Upon Dam No. 1 of the Lebanon City Water
Works" by the Water Supply Commission of Pennsylvania, dated
December 14, 1914, contains useful descriptive information
relative to the design and construction of the facility.

b. Design Features.

1. Embankment. Little information is available
relative to the physical characteristics of the embankment.
Data contained in PennDER files indicates that the inner
half of the embankment was to be made up of selected material
while the outer half was to be composed of earth and stone.
Available drawings indicate the embankment was originally 15
feet wide at the crest with 2H:lV slopes both upstream and
downstream (see Figure 3).

In 1925, the dam was overtopped and subsequently breached.
The breach, which began at a point 10 to 15 feet left of the
gate house, measured about 75 feet long across the crest and
30 to 35 feet long across the base. In addition, the down-
stream slope was badly eroded for about 100 feet on either
side of the breach.

Repairs to the damaged area were initiated immediately.
Included was the placement of a concrete cutoff wall, 5 feet
high and 18 inches thick, extending below the bottom of the
breach and into the material remaining in place at the ends.The breach was refilled with puddle clay placed in 6-inch
layers (see Figure 3).

Remedial work was again necessitated in 1938 in an
effort to alleviate seepage along the downstream embankment
toe. Additional material (including a rock drain) was
reportedly added to the downstream slope and crest in ac-
cordance with the details shown on Figure 4. Six-inch
diameter drains were placed along the toe of the former
slope and discharge into a rock-lined ditch at the base of
the present slope (see Photograph 10).

6



2. Appurtenant Structures.

a) Service Spillway. The service spillway
is an uncontrolled, rectangular, concrete chute channel with
masonry wingwalls located near the right abutment and to the
right of the emergency spillway (see Figure 4 and Photo-
graphs 1 and 3). The crest consists of a small concrete
sill 10.5 feet in length.

b) Emergency Spillway. The emergency spill-
way is an uncontrolled, rectangular, concrete chute channel
located adjacent to the left wingwall of the service spillway
near the right abutment (see Figure 4 and Photographs 1 and
2). The structure was constructed in 1925, subsequent to
the flood which caused the embankment to overtop and fail.
The crest is divided into two bays by a concrete pier that
supports the remnants of a footbridge that once spanned both
spillways. The effective crest length (minus the concrete
pier) measures 37.8 feet.

c) Outlet Conduit. The blowoff conduit is
a 16-inch diameter cast iron pipe with inlet located approxi-
mately 300 feet to the left of the service spillway (see
Figure 3). The conduit discharges at the downstream embank-
ment toe just beyond a concrete valve chamber that houses
one of two 16-inch diameter gate valves located along the
pipe (see Figures 3 and Photographs 6 and 7). The valve
within the chamber is reportedly inoperable; however, con-
trol is provided by a second valve situated just upstream
which is operated from a curb box located midway along the
downstream embankment slope (see Photograph 8).

c. Specific Design Data and Criteria. No formal
design reports, calculations, or specific design data are
available for any aspect of this facility.

2.2 Construction Records.

No records are available for any phase of the facility's
original construction in 1871. Information relative to the
i925 reconstruction and 1938 renovation is limited to brief
reports and several photographs by the Water Supply Com-
mission which are contained in PennDER files.

2.3 Operational Records.

No records of daily rainfall or spillway discharge are
available. The events leading to the failure of the embank-
ment in 1925 are well documented in PennDER files.
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2.4 Other Investigations.

No records of any formal investigations other than
periodic state inspection reports are available. The inspec-
tion reports are contained in PennDER files.

2.5 Evaluation.

The available data are considered sufficient to make a
reasonable Phase I assessment of the facility.
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SECTION 3

VISUAL INSPECTION

3.1 Observations.

a. General. The general appearance of the facility
suggests that it is in fair condition.

b. Embankment. Based on observations made during the
visual inspection, the embankment is considered to be in
fair condition. No evidence of seepage through the down-
stream embankment face or signs of slope distress were
observed. The entire embankment, however, is heavily over-
grown and lacks adequate maintenance (see Overview Photo-
graphs). At least two small rodent burrows were encountered
along the downstream embankment face near the chlorination
house. The riprap provided across the upstream embankment
face is patchy; however, no evidence of significant erosion
was observed.

c. Appurtenant Structures.

1. Service Spillway. The service spillway (see
Photograph 3) is considered to be in good condition. No
evidence of concrete or masonry deterioration was observed.

2. Emergency Spillway. The visual inspection
revealed the emergency spillway is in poor condition (see
Photographs 1 and 2). The concrete channel floor is severely
scaled and cracked. Some slab uplifting and movement is
apparent as is minor seepage through cracks and joints in
the lower portion of the channel. The lower channel is
overgrown with high grass and shrubs which have rooted them-
selves between the open cracks and joints (see Photographs 3
and 4).

The remnants of a steel supported footbridge span both
the service and emergency spillways. Only the steel frame
remains while all planking has been removed (see Photo-
graphs 2 and 3).

3. Outlet Conduit. The outlet conduit is re-
portedly functional; however, it was not operated in the
presence of the inspection team. The concrete valve chamber
located at the downstream embankment toe appears to be in
good condition (see Photographs 6 and 7). The steel access
doors atop the chamber are unhinged making the structure
somewhat hazardous and susceptible to vandalism. The valve
housed within the chamber is reportedly inoperable. Flow
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through the conduit is controlled by a valve located about
midway along the downstream slope and to the right (looking
downstream) of the chamber. Operation of the upstream valve
is provided through a curb box opening (see Photograph 8).
Some minor seepage (= 2 gpm) was observed around the conduit
at the base of the chamber.

d. Reservoir Area. Lebanon Reservoir Dam No. 1 is
situated along the southern edge of a heavily forested,
steeply sloped area known as South Mountain. The northern,
eastern and western flanks of the reservoir are comprised of
gently to moderately sloped farmland (see Figure 1). No
evidence of slope distress was observed in the general area
surrounding the reservoir.

e. Downstream Channel. Low flows through the service
spillway are channeled as indicated by the thin blue line
shown on Figure 1. That is, flows are directed into a small
farm pond to the right of the embankment prior to joining
the natural stream channel near Pennsylvania Route 419
several hundred feet downstream. A diversion channel cut
roughly parallel to the embankment, approximately 150 feet
downstream of the service spillway crest, diverts large
flows from the service spillway into the original stream
channel below the outlet conduit (see General Plan-Field
Inspection Notes, Appendix A). Emergency spillway and out-
let conduit flows are discharged directly into the original
stream channel which is depicted on Figure 1 by a dotted
line.

Approximately 2700 feet downstream the original stream
channel passes within 100 feet of a structure referred to as
"Kralls Church" on Figure 1. This structure is now a priv-
ate residence. A brief discussion with the owner of this
residence revealed that his home experiences some high water
almost annually. Due to the close proximity of this home to
the stream, along with several other homes and farms further
downstream, the hazard classification for this facility is
considered to be high as an embankment failure could affect
more than a few lives.

3.2 Evaluation.

Based on visual observations, the overall condition of
the facility is considered to be fair. Heavy overgrowth and
a deteriorated emergency spillway are primarily the result
of inadequate maintenance. Seepage observed beneath the
spillway and around the outlet conduit are considered minor
at this time, but should continue to be assessed in future
inspections.

10
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SECTION 4
OPERATIONAL PROCEDURES

4.1 Normal Operating Procedure.

The reservoir is presently used for recreation and
emergency water supply only. It is not a regular part of
the City of Lebanon's water supply system. The facility is
essentially self-regulating. Excess inflows discharge
through the spillways and are directed downstream. The
outlet conduit and supply system are reportedly functional;
however, no specific operating procedures exist and no
formal operations manual is available.

4.2 Maintenance of Dam.

The facility has been virtually without maintenance
since it was phased out of operation in 1973. The owner is
capable of performing emergency maintenance if needed. No
formal maintenance manual outlining any maintenance procedures
is available.

4.3 Maintenance of Operating Facilities.

See Section 4.2 above.

4.4 Warning System.

No formal warning system is in effect.

4.5 Evaluation.

Since 1973, the facility has existed virtually without
any maintenance, routine or otherwise. Both the outlet
conduit and water supply system are reportedly functional;
however, neither were operated in the presence of the in-
spection team. Formal operations and maintenance manuals
need to be developed and a formal warniig system put in effect.
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SECTION 5
HYDROLOGIC/HYDRAULIC EVALUATION

5.1 Design Data.

No formal design reports, calculations, or design data
are available for any aspect of this facility.

5.2 Experience Data.

No formal records of daily rainfall and/or spillway
discharge are available for this facility. The embankment
failure in 1925 is well documented in PennDER files; however,
no relative hydrologic or hydraulic data is available. The
present emergency spillway was constructed as a result of
that event.

5.3 Visual Observations.

On the date of inspection, no conditions were observed
that would indicate the spillways could not perform satis-
factorily during a flood event, within the limits of their
design capacities. The lower portion of the emergency
spillway discharge channel is deteriorated, characterized by
severe concrete scaling, extensive cracking and some slab
uplifting. Continued lack of maintenance increases the possi-
bility that high flows could further damage the deteriorating
spillway structure and possibly endanger the embankment.

5.4 Method of Analysis.

The facility has been analyzed in accordance with the
procedures and guidelines established by the U. S. Army,
Corps of Engineers, Baltimore District, for Phase I hydro-
logic and hydraulic evaluations. The analysis has been per-
formed utilizing a modified version of the HEC-l program
developed by the U. S. Army, Corps of Engineers, Hydrologic
Engineering Center, Davis, California. Analytical capabil-
ities of the program are briefly described in the preface
contained in Appendix D.

5.5 Summary of Analysis.

a. Spillway Design Flood (SDF). In accordance with
procedures and guidelines contained in the National Guide-
lines For Safety Inspection of Dams for Phase I Investiga-
tions, the Spillway Design Flood (SDF) for Lebanon Reservoir
Dam No. 1 ranges between the 1/2 PMF (Probable Maximum
Flood) and the PMF. This classification is based on the
relative size of the dam (small), and the potential hazard

12



of dam failure to downstream developments (high). Due to
the high potential for loss of life and damage to downstream
structures, the SDF for this facility is considered to be
the PMF.

b. Results of Analysis.

Lebanon Reservoir Dam No. 1 was evaluated under
near normal operating conditions. That is, the reservoir
was initially at its normal pool or service spillway crest
elevation of approximately 622.5 feet with the spillway
discharging freely. The outlet conduit was assumed to be
non-functional for the purpose of analysis. In any event,
the flow capacity of the outlet conduit is not such that it
would significantly increase the total discharge capabilities
of the dam and reservoir. The primary discharge facilities
consist of a service spillway and an adjacent emergency
spillway. The service spillway consists of a broad-crested
weir which discharges into a natural channel. The emergency
spillway is comprised of a broad-crested weir which discharges
into a rectangular chute channel.

Lebanon Reservoir Dam No. 2, located immediately up-
stream of Dam No. 1, was also evaluated in this analysis to
determine its effects on Dam No. 1. It also was investigated
under near normal operating conditions. That is, the reservoir
was initially at its normal pool or spillway crest elevation
of approximately 676.0 feet, with the spillway discharging
freely and the outlet conduit closed. The spillway consists
of a broad-crested weir which discharges into a natural
channel. It was assumed that the outflow of Dam No. 2
discharged directly into the lower reservoir. All pertinent
engineering calculations relative to the evaluation of
Lebanon Reservoir Dam No. I, including those pertaining to
the upstream facility are included in Appendix D.

Overtopping analysis (using the Modified HEC-l Computer
Program) indicated that the discharge/storage capacity of
Lebanon Reservoir Dam No. 1 can accommodate only about 16
percent of the PMF (the SDF) prior to the overtopping of its
embankment, while Lebanon Reservoir Dam No. 2 can accommodate
only about 21 percent of the PMF before overtopping occurs
(Appendix D, Summary Input/Output Sheet, Sheet L). The low
top of embankment at Dam No. 1 was inundated by depths of
1.8 feet for 6.3 hours under 1/2 PMF conditions and 2.5
feet for 8.5 hours under PMF conditions. The low top of
embankment at Dam No. 2 was inundated by a depth of about
0.9 feet for 6.5 hours under PMF conditions. Since the SDF
for each of the facilities is the PMF, each has a high
potential for overtopping, and thus, for breaching under
floods of less than SDF magnitude.

13



Since neither of the dams can safely pass a flood of at
least 1/2 PMF magnitude, the possibility of failure of each
under floods of 1/2 PMF magnitude or less was investigated
(in accordance with Corps directive ETL-1110-2-234). Several
possible alternatives were examined since it is difficult,
if not impossible, to determine exactly how or if a specific
dam will fail. The dams were evaluated in series in order
to ascertain the overall effect of the present system on the
downstream population in the event of a severe storm. The
major concern of the breaching evaluations is with the
impact of the various breach discharges on increasing down-
stream water surface elevations above those to be expected
if breaching did not occur.

The Modified HEC-l Computer Program was used for the
breaching analysis with the assumption that the breaching of
an earth dam would begin once its reservoir's water level
reached the low top of dam elevation.

For each of the two dams, five possible modes of failure
were investigated. Two sets of breach geometry were evaluated
for each of two failure times (Appendix D, Sheet 23). The
two sets of breach sections chosen were considered to be the
minimum and maximum probable failure sections. The two
failure times (total time for each breach section to reach
its final dimensions), under which the minimum and maximum
sections were investigated, were assumed to be a rapid time
(0.5 hours) and a prolonged time (4.0 hours), so that a
range of this most sensitive variable might be examined. In
addition, an average possible set of breach conditions was
analyzed, with a failure time of 2.0 hours.

The five failure plans described above were analyzed
under 0.24 PMF conditions to ensure overtopping of both
dams. In all cases, the breaching of the downstream Lebanon
Reservoir Dam No. 1 began about 30 minutes ahead of the
failure of the upstream Lebanon Reservoir Dam No. 2 (Appen-
dix D, Sheet 25).

The peak breach outflows (resulting from 0.24 PMF con-
ditions) at Lebanon Reservoir Dam No. 1 ranged from about
1810 cfs for the minimum section-maximum fail time scheme to
about 8380 cfs for the maximum section-minimum fail time
scheme (Appendix D, Sheet 25). The outflow from the average
breach scheme was about 3520 cfs, compared to the non-breach
0.24 PMF outflow of approximately 740 cfs (Summary Input/Out-
put Sheets, Sheets U and L).
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At a section located about 2700 feet downstream from
Lebanon Reservoir Dam No. 1 (Section 2, see Figure 1,
Appendix E), the water surface elevation corresponding to
the non-breach 0.24 PMF peak outflow was approximately 544.3
feet while the peak water surface elevation corresponding to
the maximum section-minimum fail time breach scheme was
about 546.4 feet (Appendix D, Sheet 26). The elevation of
the residence at Section 2 is approximately 545 feet.
Therefore, the increase in water surface elevation caused by
the failures of Lebanon Reservoir Dams Nos. 1 and 2 was
about 2.1 feet, with the breach water surface above the
damage level of the house.

At Section 3 (see Figure 1), located approximately 4550
feet downstream of Dam No. 1, the maximum breach water
surface elevation was about 533.8 feet, well below the
damage level of the residences at about 538 feet (Summary
Input/Output Sheets, Sheet V).

The water surface elevation corresponding to the non-
breach 0.24 PMF peak outflow was approximately 520.4 feet at
a section located about 6050 feet downstream from Lebanon
Dam Reservoir No. 1 (Section 4, see Figure 1). The peak
water surface elevation corresponding to the maximum section-
minimum fail time breach scheme was about 522.6 (Appendix D,
Sheet 26). The residence at Section 4 is approximately at
elevation 520 feet. Thus, the increase in water surface
elevation due to the breaches was about 2.2 feet, with the
breach water surface above the damage level of the house.

At Section 5 (see Figure 1), located about 8650 feet
downstream from Dam No. 1, the non-breach 0.24 PMF peak out-
flow resulted in a water surface elevation of approximately
503.9 feet. The maximum section-minimum fail time scheme
resulted in a peak elevation of 507.5 feet, an increase of
3.6 feet (Appendix D, Sheet 26). The breach water surface
level was above the damage level of the residence at Section 5,
approximately at elevation 504.

The consequences of dam failure can be better envisioned
if not only the increase in the height of the floodwave is
considered, but also the great increase in the momentum of
the larger and probably swifter moving volume of water.
Therefore, the failures of Lebanon Reservoir Dams Nos. 1 and
2 are quite possible, and would probably lead to increased
property damage and possibly to loss of life in the down-
stream regions.
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5.6 Spillway Adequacy.

As presented previously, under existing conditions,
Lebanon Reservoir Dam No. 1 can accommodate only about 16
percent of the PMF prior to overtopping. Should a 0.24 PMF
or larger event occur, the dam would be overtopped and could
possibly fail, endangering downstream residences and increas-
ing the potential for loss of life in the downstream regions.
Therefore, the spillway is considered to be seriously inade-
quate.
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SECTION 6
EVALUATION OF STRUCTURAL INTEGRITY

6.1 Visual Observations.

a. Embankment. The embankment is considered to be in
fair condition. Lack of adequate maintenance has resulted
in overgrown slopes and a generally poor appearance; never-
theless, no evidence of excess embankment stresses, slope
instability, or seepage through the downstream embankment
face was observed. Heavy overgrowth across the embankment
slopes and along the downstream toe hamper visual observa-
tion of critical conditions and should be removed.

b. Appurtenant Structures.

1. Service Spillway. The service spillway
appears structurally sound and is presently in good condition.

2. Emergency Spillway. The condition of the
emergency spillway is considered poor. The lower portion of
the discharge channel is deteriorated, characterized by
severe concrete scaling, extensive cracking and some slab
uplifting. Without proper maintenance, it is possible that
high flows could further damage the deteriorating spillway
structure and possibly endanger the embankment.

3. Outlet Conduit. The outlet conduit is re-
portedly functional; however, it was not operated in the
presence of the inspection team. Minor seepage (= 2 gpm)
was observed emanating around the conduit within the down-
stream valve chamber. This condition should be specifically
addressed in future inspection and changes in flow rate
and/or turbidity recorded. It is noted that control is not
provided at the upstream end of the pipe. Should a leak or
rupture develop within the conduit upstream of the gate valve
along the downstream slope, there presently is no means of
stopping the flow and thus, it is possible that serious
erosion and/or instability could result.

6.2 Design and Construction Techniques.

No information is available that details the methods of
design and/or construction.

6.3 Past Performance.

According to available correspondence and discussions
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with representatives of the owner, the facility has per-
formed satisfactorily since its last renovation in 1938.

6.4 Seismic Stability.

The dam is located within Seismic Zone No. 1 and, thus
may be subject to minor earthquake induced dynamic forces.
As the facility appears well constructed and sufficiently
stable, it is believed that it can withstand the expected
dynamic forces; however, no calculations and/or investiga-
tions were performed to confirm this belief.
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SECTION 7

ASSESSMENT AND RECOMMENDATIONS FOR REMEDIAL MEASURES

7.1 Dam Assessment.

a. Safety. The visual inspection indicates the
facility is inadequately maintained and in fair condition.

The size classification of the facility is small and
its hazard classification is considered to be high. In
accordance with the recommended guidelines, the Spillway
Design Flood (SDF) for the facility ranges between the 1/2
PMF (Probable Maximum Flood) and the PMF. Due to the high
potential for damage to downstream structures and possibly
loss of life, the SDF is considered to be the PMF. Results
of the hydrologic and hydraulic analysis indicate the fac-
ility will pass and/or store only about 16 percent of the
PMF prior to embankment overtopping. A breach analysis
indicates that failure under less than 1/2 PMF conditions
could lead to increased downstream damage and potential for
loss of life. Thus, based on screening criteria contained
in the recommended guidelines, the spillway is considered to
be seriously inadequate and the facility unsafe, non-emergency.

Deficiencies noted by the inspection team included
heavy overgrowth across the embankment crest and slopes,
rodent burrows along the downstream embankment face, a
deteriorated emergency spillway, and minor seepage beneath
the emergency spillway and around the outlet conduit. These
deficiencies are, for the most part, attributable to a
general lack of adequate maintenance since the facility was
phased out of operation in 1973.

b. Adequacy of Information. The available data are
considered sufficient to make a reasonable Phase I assess-
ment of the facility.

c. Urgency. The recommendations listed below should
be implemented immediately.

d. Necessity for Additional Investigations. Addi-
tional investigations are considered necessary and are
listed in Section 7.2 below.

7.2 Reconmendations/Remedial Measures.

It is recommended that the owner immediately:
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a. Develop a formal emergency warning system to
notify downstream residents should hazardous conditions
develop. Included in the plan should be provisions for
around-the-clock surveillance of the facility during
periods of unusually heavy precipitation.

b. Have the facility evaluated by a registered pro-
fessional engineer experienced in hydrology and hydraulic
structures and take remedial measures deemed necessary to
make the facility hydraulically adequate and the emergencyspillway structurally sound.

c. Clear all excess vegetation from the embankment
crest and slopes. In addition, all burrowing animals in-
habiting the embankment should be exterminated and their
burrows filled.

d. Develop formal manuals of operation and maintenance
to ensure future proper care of the facility.

e. Specifically address in all future inspections the
seepage conditions beneath the emergency spillway and
around the outlet conduit at the downstream embankment toe
noting changes in turbidity and/or rate of flow.

f. Provide upstream (inlet end) control of flow
through the outlet conduit or develop a plan to control flow
through the conduit at the inlet in the event emergency
conditions develop in the pipe within the embankment.
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APPENDIX A

VISUAL INSPECTION CHECKLIST AND FIELD SKETCHES
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APPENDIX B

ENGINEERING DATA CHECKLIST
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GAI CONSULTANTS, INC.

CHECK LIST NDIID # PA-00595
HYDROLOGIC AND HYDRAULIC PENNDERID# 38-1

ENGINEERING DATA

SIZE OF DRAINAGE AREA: 0.6 square miles (local), 1.2 square miles (total).

ELEVATION TOP NORMAL POOL: 622.5 STORAGE CAPACITY: 55 acre-feet

ELEVATION TOP FLOOD CONTROL POOL: - STORAGE CAPACITY: -

ELEVATION MAXIMUM DESIGN POOL: - STORAGE CAPACITY:

ELEVATION TOP DAM: 625.3 STORAGE CAPACITY: 82 acre-feet.

SPILLWAY DATA

CREST ELEVATION: 662.5 feet (service); 623.0 feet (emergency).

TYPE: Uncontrolled rectangular chute channels.

CREST LENGTH: 10.5 feet (service; 37.8 feet (emergency).

CHANNEL LENGTH: 50 feet (service); 180 feet (emergency).

SPILLOVER LOCATION: Near right abutment.

NUMBER AND TYPE OF GATES: None.

OUTLET WORKS

TYPE: 16-inch diameter case iron blowoff conduit.

LOCATION: Near the center of the embankment.

ENTRANCE INVERTS: 602 feet (estimated zero storage elevation).

EXIT INVERTS: 594.9 feet.

EMERGENCY DRAWDOW;N FACILITIES: 16-inch diameter gate valve.

HYDROMETEOROLOGICAL GAGES

TYPE: None.

LOCATION: -

RECORDS: -

MAXIMUM NON-DAMAGING DISCHARGE: Not known.
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APPENDIX C

PHOTOGRAPHS
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APPENDIX D

HYDROLOGY AND HYDRAULICS ANALYSES



PREFACE

The modified HEC-1 program is capable of performing two
basic types of hydrologic analyses: 1) the evaluation of
the overtopping potential of the dam; and 2) the estimation
of the downstream hydrologic-hydraulic consequences result-
ing from assumed structural failures of the dam. Briefly,
the computational procedures typically used in the dam over-
topping analysis are as follows:

a. Development of an inflow hydrograph(s) to the
reservoir.

b. Routing of the inflow hydrograph(s) through the
reservoir to determine if the event(s) analyzed would over-
top the dam.

c. Routing of the outflow hydrograph(s) from the
reservoir to desired downstream locations. The results
provide the peak discharge(s), time(s) of the peak dis-
charge(s), and the maximum stage(s) of each routed hydro-
graph at the downstream end of each reach.

The evaluation of the hydrologic-hydraulic consequences
resulting from an assumed structural failure (breach) of the
dam is typically performed as shown below.

a. Development of an inflow hydrograph(s) to the
reservoir.

b. Routing of the inflow hydrograph(s) through the
reservoir.

c. Development of a failure hydrograph(s) based on
specified breach criteria and normal reservoir outflow.

d. Routing of the failure hydrograph(s) to desired
downstream locations. The results provide estimates of the
peak discharge(s), time(s) to peak and maximum water surface
elevations of failure hydrographs for each location.
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HYDROLOGY AND HYDRAULIC ANALYSIS
DATA BASE

NAME OF DAM: LEBANON RESERVOIR DAM NO. 1

PROBABLE MAXIMUM PRECIPITATION (PMP) = 23.2 INCHES/24 HOURS (1)

STATION 2 3

STATION DESCRIPTION Dam No. 2 Dam No. 1

DRAINAGE AREA (SQUARE MILES) 0.6 0.6

CUMULATIVE DRAINAGE AREA
(SQUARE MILES) 1.2

ADJUSTMENT OF PMF FOR Zone 6 Zone 6
DRAINAGE AREA LOCATION (%)()

6 HOURS 113 113
12 HOURS 123 123
24 HOURS 132 132
48 HOURS 143 143
72 HOURS - -

SNYDER HYDROGRAPH PARAMETERS

ZONE (2) 15c 15c
C (3) 0.82 0.82
Ct (3) 2.78 2.78
L (MILES) (4) 1.10 1.9

0.51 1.1La (MILES) (4) 05 .
Lca (MLS 0. 2.34 3.47tp Ct (L-Lca)0 -3 (HOURS)

SPILLWAY DATA (5) (6)

CREST LENGTH (FEET) 14.5 10.5 37.8
FREEBOARD (FEET) 3.8 2.8 2.3

( 1 )HYDROMETEOROLOGICAL REPOrT 33, U.S. ARMY COR-S OF ENGINEERS, 1956

(2)HYDROLOGIC ZONE DEFINED BY CORPS OF ENGINEERS, BALTIMORE DISTRICT, FOR

DETERMINATION OF SNYDER COEFFICIENTS (Cp AND Ct).

(3) SNYDER COEFFICIENTS

(4)L = LENGTH OF LONGEST WATERCOURSE FROM DAM TO BASIN DIVIDE.
Lca - LENGTH OF LONGEST WATERCOURSE FROM DAM TO POINT OPPOSITE BASIN CENTROID.

(5) SERVICE SPILLWAY

(6) EMERGENCY SPILLWAY

D-2
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Geology.

Lebanon Reservoir Dam No. 1 is located on the West
Branch of Hammer Creek, about 6 miles southeast of the City
of Lebanon, at the foot of South Mountain. The dam lies
about 9 miles below the source of the West Branch of Hammer
Creek, a tributary of Cacalico Creek that empties into
Conestogo Creek.

Physiographically, this area is located in the Triassic
Lowland Section of the Piedmont Province of eastern Pennsyl-
vania.

Structurally, the major regional feature is a synclinorium
whose longitudinal axis is generally trending northeast-
southwest. "The entire south limb of the synclinorium in
the Lebanon Valley appears to be overturned and essentially
recumbent." The local structure of the Triassic rocks in
the Richland quadrangle can be best described as a broadly
warped and block faulted homocline.

"Near the Lebanon Reservoirs, possible faults are
associated with the gap in the north border diabase dike."
This area lies immediately southwest of the dam as shown on
the Geology Map.

The rock strata underlying the dam and reservoir is the
Gettysburg Formation, a member of the Newark Group of
Triassic age. The Newark Group is a thick sedimentary
sequence composed of shales, sandstones, and conglomerates,
intruded by thick sills and dikes of diabase. The Gettysburg
Formation consists of red shales, quartose red sandstones,
and quartz conglomerates.

Gray, G., Geyer, A.R., and McLaughlin, D.B., "Geology of
the Richland Quadrangle," Atlas 167D, Pennsylvania Geological
Survey, Fourth Series, 1958.

F-I

/



LEBANON DAM NO.1

Jil

LEGEN

afw re shl stres

CAMBRIAN

- Medi inkoash graimesarkgra, cposeds hefly o,

sanerinddartshale cogomt, coarse c oieLibede
BWJ2P 4conlomrte landaed snadto.

thi band ofd qurtWpbbe onloerte

fe *w" MBR1 IACNUTAT9IC

- Lihlopnlhga iesoe rpoonbd ear top.lla


